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TUNABLE TRACKING FILTER 

5 The present invention relates in general to an integrated tuner circuit, e.g., 

for use in televisions and radios, and more particularly, to the tracking of a tuner 
filter with an arbitrary oscillator. 

Tuner technology has evolved to the point where a tuner for a television 
signal receiver, radio, etc., can now be formed on a single integrated circuit. 

1 o Currently available integrated tuners are generally application specific, i.e., the 
tuners are designed for operation using specific oscillator and intermediate (IF) 
frequencies. Thus, different integrated tuners may be required for different RF 
applications. 

The present invention provides an integrated tuner circuit with an arbitrary 
15 IF output The tuner includes an integrated circuit (IC) control loop, and matched 
external variable capacitance C t , to achieve tracking with an arbitrary oscillator. 

These and other features of this invention will be more readily understood 
from the following detailed description of the various aspects of the invention 
taken in conjunction with the accompanying drawings in which: 

FIG. 1 illustrates a tuned LC band-pass filter with variable capacitance C, 



20 



and fixed inductance L. 

FIG. 2 illustrates a variable external load capacitance Q and the tuned LC 

band-pass filter of FIG. 1. 

FIG. 3 is a block diagram of an integrated tuner circuit including a fixed- 
25 frequency control loop for filter tracking in accordance with the present invention. 

It should be noted that the drawings are merely schematic representations, 
not intended to portray specific parameters of the invention. The drawings are 
intended to depict only typical aspects of Ihe invention, and therefore should not 
be considered as limiting the scope of the invention. 
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A tuned LC band-pass filter 10 is illustrated in FIG. 1 . The band-pass 
filter 10 comprises a variable total capacitance C, and an inductive coil L 
arranged in parallel. The band-pass filter 10 is tuned by a tuning voltage Vtun, 
which is applied to a varicap diode (not shown) coupled to the band-pass filter 10. 
When L is fixed, the resonant frequency aw of the band-pass filter 10 is given 
by: 

"tank = C0LO±0JlF (EQU. 1) 



or: 

This implies that: 



20 
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2 -l/LC t . (EQU. 2) 



wtank 2 C t =l/L = constant, (EQU. 3) 



which leads to: 



Ct::aW z = (ULO±unO- 2 , ( E QU- 4 ) 
1 5 which is the frequency-dependent relation that is needed for tracking. 

In a frequency-synthesized tuner that includes such a band-pass tuner filter 
10, the local oscillator frequency o>lo of the tuner, which is applied at a mixer, 
relates to a reference X-tal oscillator frequency w x tai via: 

Quo = Ndiv/Mdiv <o xta i (EQ U - 5 ) 

where Md iv is a fixed-frequency-divider ratio, and N div is a programmable 
frequency divider. Given a fixed reference X-tal oscillator frequency co xta i, then 
EQU. 5 implies that: 

co^Khv, (EQU. 6) 

which also implies from EQU. 1 that for zero- or low-IF: 

"tank = ("LO ± "IF) N <liv (EQU. 7) 

For a zero-IF tuner concept, the resonance frequency w^of the band-pass 
filter 10 equals the local oscillator frequency o>lo of the tuner for proper tracking. 
For a near-zero IF concept aw «Wuo and consequently, from EQU. 4: 

QxgW 2 . (EQU. 8) 

3 0 From EQU. 7, this leads to: 

C,::N div - 2 . (EQU. 9) 
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For a low-IF IC-concept (e.g., near-zero or zero-IF), the oscillator or 
divided oscillator frequency can, for example, be offered via a current source to an 
external load capacitor Q, which is matched with the capacitance Q in the band- 
pass filter 10. An integrated tuner circuit 20 including the band-pass filter 10 and 

5 an external load capacitor C t is illustrated in FIG. 2. The integrated tuner circuit 
20 includes an integrated circuit 22 having a control loop (not shown) for 
producing the tuning voltage Vtun. The external load capacitor C, is tuned by the 
tuning voltage Vtun, which is applied to a varicap diode (not shown) being part of 
the external load capacitor Q. Defining the voltage across the external capacitor 

10 C t as: 

u t (t) = Nd^UtCOSUxtait, (EQU. 10) 

it follows that: 

it(t) - -a) xte iC t Ndiv 2 UtsinWxtait. (EQU. 1 1) 

By making i t (t) amplitude independent of Ndiv and C t , men: 
15 Q::N di v 2 (EQU. 12) 

Thus, the capacitance the external load capacitor C t and the capacitor Q in the 
band-pass filter 10 are both proportional to Ndiv" 2 . As such, in case of tracking 
between an oscillator in a zero- or low-IF frequency concept and a varicap-tuned 
LC band-pass filter 10 with fixed L and variable Q, the integrated tuner circuit 20 
20 can generate a very well defined oscillator-frequency related voltage across the 
matched load capacitor Q. Conversely, in case of no tracking, the voltage will 
deviate from the predicted oscillator frequency dependent behavior. If, in that 
case the integrated tuner circuit 20 would generate a tuning voltage Vtun for the 
capacitor C t of the band-pass filter 10 as well as the external load Q, a control 
2 5 loop can be defined such that the (frequency divided) oscillator voltage across C t 
behaves as needed for tracking. The control loop will ensure that the frequency- 
dependent behavior for the oscillator and band-pass filter 10 is the same, which 
means that band-pass filter 10 and the oscillator will de-tune with the same fector 
all the time. 

30 In the above-described approach, it is assumed that the external load 

capacitor C t is the only external load to the integrated tuner circuit 20. However, 
the integrated tuner circuit 20 will also add additional capacitive load, which will 
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iecomes smaU. The added capacitance (i.e., parasitic capacitance <y ■ 

aetetmtaed by to integrated tuner circuit 20 package as weU as by oh*« 
^tence/stacetovatoof^canbee^dbe^bandd^g^of 

^"Tbepceaen.^onp.ovideaamed-^ycon.ronoopaOCnG.S) 
fo.taningtocapacite^C.oftobaad-paaafflter.Oaucbtottoband-paas 

0 te „„enc,to. n eedno.bepte S en,tatotategra.edtenerc 1I ou 1 .20),a ft er 

^toUatedb^c^^^tob^-paaa^l 

load capacitance Care located outside to integrated tuner erreur. 20. The 

!H „ ^ of to handle niter .0 is apprt— 

" In vi=woftoaboveana 1 ysis,tooc», tt oUeep301»sbee»de S ign«i«o 

• w. M i« « , is the X-tal oscillator 32 frequency, R is a 
where oi is a variable gain, o) xte i « ine uu M 
2 „ Lstence, C is a capacitence, and N is a pro^anunabte value property «o 
forseningtovalueof^. H. has been converted intoN, because H.- 
Zl a 1 5 bit nonrber, which enab,es snteU viator steps, but to band-^a 

^.asevenbitwordproportionaitoN,, Front EQU. 7, therefore: 

UL0 -o-kON* -K. (EQU. 14) 

" Both previous equations ( ULO » N« (EQU. «) and <«u>* »*> = » <W- 

flws. Bypro^ngN»nd N *accord to *,uac 1 dng.sobtenred. Incase 

ofzero-orlovv-IF.N.w^vrillbeanrficientfortrackrnB. 

In EQU. 13, N and Ct are to only oscillator frequency dependent 

,. , „„ .. m.. asN the capacitance CtWtU be tuned 
components. As such, as long as Uio .. N„„ -N, tne P 
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such that: 
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l-(«-WC3rfG-.o 15 > 

»1 ideuucal cascaded amplifiers wim programmable gam. ft should be 
course two rdeuuoalcasca The value N corresponding 

^ted.hatNaudU.rfmayalaobepn.vdedd^tally. TO 

^^de^.uniugosema.er^ueuev^efmeband-paasffl^lO.s 

signal W U passed through adjutfable gent ctrcutt 36 tnto a atage 

wpro ducea S ignal40giveuby : 

.Uo{l-«NO M » RC_0 '" W 
Af ^ka te ge4 2 isprovided«oproduceaaignal44giveuby ; 

^Uo(i^C-^R J C(C,+ C p )} (EQU.1-0 

„ — »»' > , ii- „ K ,.»„„.^.. 

-U 0 {l-(ow xte i 2 RC)NCt>. ^ v 
^ mixing 50 d,. aigua. 31 with the oscillator 32 signal aud **** ' 

13 lely.l W^N'C,- unrealized. Consequent C .. ««* 
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aw f, or Q :: clo" 2 for zero- and low-IF, which are the frequency dependent 
relations needed for tracking. 

to fire present invention, to fixed-frequency eonttol leo P 30 uses the vatae 
N which is approximately equal to the frequency division ratio Ndw, for oscillator 
, nnnngwiraon.nsingn.eaenuloaeaiatorfteqneney^telf. Infir.h.gh-.Fcase 

„here the ratio N, used for tuning the hand-pass filter 10 tracking, does no, 
^ sp „ndwim N *(i...,N**mntehand-pa S sfilterlOnraybe«nedtea 

frequency different from me than fire desired oscillator fiequency »u>. In fins 
^.snpamteprogranmrirrgisrequimdfor^andN. However, afterasnr^e 

l0 ahgnmen^mefiequencytewmchtohand-passfflterlOisnn^isaccurately 
knownfcreachvrfueofN. The aUgnmentnuyU accomplished™ me vanahte 
sain cptovided by fire adjustable gain circuit 36, and/or by adjusting fire fixed 
vatae of fire inductor L in the hand-pass filter 10. Alternately, or in addmon, for 
s_n.fi fiequency offset between fire band-pass filter ,0 and to oscilfctor fiequency 
15 ^.somemi^tehcanbogrventemeexternalloadcapacitenceC.ra.ahvefi, 
tocapactaeeCinfi.eband-passfil.er 10. Consequenfiy, by independenfiy 
^ing me values forN, fire band-pass filter 10 can be urned to each wanted IF 
stance from fir. deshed oscillator frequency « I« shouldbe noted to. for 
non-zero concepts, a fiequency oflse, may also he reafized by adaptation of tire 
20 voltage dependency of fire external load capacitance C 

As stated above, the invention is not limited to zero- or low-IF 
applications. After tttesmgle fiequency afignmen, by, e.g., adjusfingfite gam 
let.wimprogrannnableNand^fire.unedlXband^sfflterlO.snrned 

toeachwantedfrequeney.Alongfiusway.fireband-paaa filter lObeoomesa 
2 5 "fiequency synthesis filter, which is locked » "virtual oscillator frequency 
Nu„., since this fiequency need not be present in the IC. 

The fteedom to choose to value for N allows the present invention to 
pK.videaainglemte^tefinmercficui.wrmarbi.ra^IFouqtut Supradyne, 
Lradyne, zero-IF, up-converaion or one-oscilUtor applications cnn afi he reahzed 
30 wim.racktoguatogtopresen.mvention. Those appUcnfions may be provtded 
■•all-in-one" under software control using the same integrated tuner encmt 
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Mted .F„rWc,«»P-*-apacHB^C p ,^db yt h.to te gr»«edctau 1 , 
20itttelf,canbeove K ompen S ateduntid*to migrated circ«it20. As such, for 

p^er nacidng, a capacity needs . be estetnatiy cunnecteri 
L^Advan.aeeoesiy.ta^W-passffl.eriOcanalwaysbedes.geedfor 

^umunwantedparallel capacitance and conse,uenuy rnarimum ne,„en^ 
Further, to fixed-itequency cordrol ioop 30 may use to X-«al oacHator 
ftequency U „,htto loop. This minings *e risk of in^ce, since no new 
frequencies are introduced. 

The foregoing description of various aspects of to htventton has been 
prcsentedforpurp^esof illuanationanddescriprion. I, ia no, intended to be 

^.nodificattonaandvariattonsarepoaaMe. Such modification* and 
variations to.n^yheappater.teap^onsMiedintoartatenttendedtoU 
Mudedwiti^tosc^oftohtventio.aad.finetibytoaccotnpanymgciant.. 
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CLAIMS: 



1. An integrated tuner circuit, comprising: 

a tuned LC band-pass filter (10) having a variable capacitance (C t ) and 

fixed inductance (L); 

an external load capacitor having a variable capacitance (Q); and 

a fixed-ftequency control loop (30) for producing a voltage (V tun) for 

adjusting the variable capacitances of the band-pass filter and external load 

capacitor to achieve tracking of the band-pass filter with an arbitrary oscillator 

frequency ojlo- 

2. The integrated tuner circuit according to claim 2, wherein the fixed-frequency 
control loop (30) further comprises a fixed-frequency oscillator (32) and a circuit 
(34) for receiving a programmable value N for setting the value of wuj, wherein 
the fixed-frequency control loop adjusts the variable capacitances Q such that C t 
:: (wlo± wif)" 2 :: N" 2 , wherein o>if is an intermediate frequency. 

3. The integrated tuner circuit according to claim 2, wherein the band-pass filter 
(10) is tuned to each of a plurality of different IF distances from g>u> by adjusting 
the programmable value N. 

4. The integrated tuner circuit according to claim 2, wherein the fixed-frequency 
oscillator (32) outputs a signal having a frequency «** and wherein the tuned LC 
band-pass filter (10) is tuned to a virtual oscillator frequency a>u> given by Now 

5. The integrated tuner circuit according to claim 1, wherein the fixed-frequency 
control loop (30) provides compensation for parasitic capacitance (Cp). 

6. The integrated tuner circuit according to claim 5, further comprising a capacitor 
corresponding to the parasitic capacitance Cp in parallel with the external load 
capacitor. 
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7. The integrated tuner circuit according to claim 1, wherein the fixed-frequency 
control loop (30) operates to produce a signal: 

l-(o5co xta i 2 R 2 C)N 2 Q-> 0 
where a is a variable gain, co xta i is a frequency of a fixed-frequency oscillator, R is 
a resistance, C is a capacitance, and N is a programmable value for setting the 
value of g>lo- 

8. The integrated tuner circuit according to claim 7, wherein N and Q are the only 
oscillator frequency dependent variables. 

9. A method for tracking a LC tuned band-pass filter (10) with an arbitrary 
oscillator colo, wherein the band-pass filter includes a variable capacitance Q 
and a fixed inductance (L), comprising: 

providing a fixed-frequency control loop (30) for producing a voltage 
(Vtun) for adjusting the variable capacitance Q of the tuned band-pass filter (10) 
and for adjusting a variable capacitance Q of a load capacitor; and 

inputting a programmable value N into the fixed-frequency control loop 
(30) for setting the value of a> L o, wherein the fixed-frequency control loop adjusts 
the variable capacitances Q such that C t :: (o) L o± ^nO" 2 N" 2 , wherein 0)^ is an 
intermediate frequency. 

10. The method according to claim 9, further comprising: 

tuning the band-pass filter (10) to each of a plurality of different IF 
distances from 6>lo by adjusting the programmable value N. 

11. The method according to claim 9, wherein the fixed-frequency control loop 
(30) includes a fixed-frequency oscillator (32) that outputs a signal having a 
frequency £0^1, further comprising: 

tuning the band-pass filter (10) to a virtual oscillator frequency o>lo given 
byNWxtai. 
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12. The method according to claim 9, wherein the fixed-frequency control loop 
(30) provides compensation for parasitic capacitance (Cp). 

13. The method according to claim 12, further comprising: 

providing a capacitor corresponding to the parasitic capacitance Cp in 
parallel with the load capacitor. 

14. The method according to claim 9, wherein the fixed-frequency control loop 
(30) operates to produce a signal: 

l-(o^xtai 2 R 2 C)N 2 Q^ 0 
where a is a variable gain, co xta i is a frequency of a fixed-frequency oscillator, R is 
a resistance, and C is a capacitance. 

15. The method according to claim 14, wherein N and Q are the only oscillator 
frequency dependent variables. 
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